Background {#Sec1}
==========

Neuroendocrine tumors (NETs) are rare neoplasms, with an estimated annual incidence of 6.9/100,000, arising from cells of the diffuse endocrine system \[[@CR1]\], mainly dispersed throughout the digestive system and respiratory tract. More than half arise inside the gastrointestinal tract and the pancreas and are referred to as gastroenteropancreatic NETs (GEP NETs) \[[@CR2]\].

Most NETs grow slowly over the years, and their symptoms are related to tumor mass (non-functioning, NF-PNETs); however, in about 30%, symptoms related to the hypersecretion of hormones from the tumor may occur (functioning, F- PNETs). F-PNETs may secret insulin, glucagon, gastrin, vasoactive intestinal polypeptide, etc., with clinical pictures as by hormonal hypersecretion (hypoglycemia, hyperglycemia, peptic ulcers, secretory diarrhea, etc.), and may require systemic treatment for both tumor and symptom control, when not resectable \[[@CR3]\]. Histo-pathologically, most GEP NETs are well-differentiated tumors and are divided into grade 1 (G1, with a Ki67 proliferation index of ≤3%), and grade 2 (G2, with a Ki67 proliferation index between 3 and 20%). A smaller percentage are represented by grade 3 (G3) tumors with a Ki67 greater than 20% \[[@CR4]\]. However, it is believed that within the G3 group, the biological behavior of tumors with a Ki67 index between 20 and 55% is less aggressive than tumors with a Ki67 index above 55% \[[@CR3]\].

Most neuroendocrine tumors typically express high levels of somatostatin receptors, therefore making the somatostatin receptor imaging a useful tool for the diagnosis and staging of the disease in these patients (Fig. [1](#Fig1){ref-type="fig"}). It is recommended to use Ga-68 DOTATATE PET/CT imaging whenever available, as it shows a higher sensitivity and specificity for detecting NETs compared with In-111 DTPA-octreotide, and other conventional imaging \[[@CR5]\].Fig. 1Ga68-DOTATATE-PET/CT images of a patient with metastatic G1 intestinal NET to the liver, bones and lymph nodes -- showing high uptake be the tumor, in correlation with increased expression of somatostatin receptors, mainly SSTR2

Because of their marked heterogeneity, the treatment of NETs is challenging, and a multidisciplinary approach is mandatory for maximizing patient prognosis and survival.

The only curative treatment for NETs is surgery. However, most NETs are diagnosed when the disease is advanced and metastatic, and as such are not amenable to curative surgery, which leads to the need for systemic therapies.

In the present manuscript, we thoroughly summarize the treatment options for patients with advanced G1&G2 GEP-NETs, to date.

Biological therapies {#Sec2}
--------------------

### Somatostatin Analogues (SSAs) {#Sec3}

Somatostatin (SST) is a neuropeptide secreted from paracrine cells along the gastrointestinal tract and in the brain. It exerts its effects by binding to five receptors coupled to G-protein (SST receptor 1 to 5, SSTR1--5) \[[@CR6]\]. It inhibits secretion of many hormones, acts as an immune regulator, as a neurotransmitter \[[@CR7]\] and also has cytotoxic and cytostatic actions and may induce apoptosis under special conditions \[[@CR2]\].

The SSA antiproliferative effect is mediated through several mechanisms, either as a direct effect on tumor cells by binding to SSTR (inducing cell cycle arrest, a pro-apoptotic effect), or indirect effects through inhibition of angiogenesis, hormones secretion, and immunomodulation \[[@CR8]\]. Most GEP-NETs overexpress somatostatin receptors, mainly SSTR2 \[[@CR7]\].

The somatostatin analogue (SSA) octreotide has been in use since the 1980s, in its short acting formulation, administered subcutaneously at a dose of 150 mcg 3 times daily, and showed clinical improvement in up to 88% of patients \[[@CR9]\]. Later on, octreotide LAR (long acting release) was introduced, as a once a month intramuscular injection, making the treatment more convenient.

Initially, the antiproliferative effect of SSAs was demonstrated in several retrospective studies. The PROMID study was the first prospective placebo-controlled, double-blind, phase III study that demonstrated, in an unequivocal manner, statistically significant prolongation of time to tumor progression in patients with well differentiated metastatic intestinal NETs, treated with octreotide LAR, compared with placebo (14.3 vs 6 months). Importantly, both functioning (defined as the presence of carcinoid syndrome and increased urinary 5-hydroxyindole acetic acid) and nonfunctioning tumors, responded similarly, with a trend for a better effect in patients with lower hepatic tumor burden \[[@CR10]\].

The CLARINET study, another prospective randomized, double-blind, placebo-controlled study, showed similar findings and confirmed the PROMID results however this time in a larger cohort of patients with both intestinal and pancreatic nonfunctioning and progressive NETs. The study demonstrated a statistically significant prolongation of progression free survival (PFS) (median not reached vs. median of 18.0 months), with another long acting SSA, lanreotide Autogel, compared with placebo \[[@CR11]\].

Higher then labeled dosages of SSAs may be used in selected patients when symptoms control is not achieved, and also for better tumor control in slow growing tumors, and before proceeding to other systemic treatments \[[@CR12]\].

Pasireotide (SOM230) is a novel multireceptor SSA, showing high affinity to SSTR 1,2,3&5. It is approved for treating acromegaly resistant to octreotide and lanreotide, and was also investigated for treatment of NETs \[[@CR9]\]. A recent phase III trial comparing pasireotide LAR and octreotide LAR in patients with carcinoid syndrome not controlled on SSA, showed no advantage of pasireotide regarding symptom control, but an improvement in PFS (11.8 vs 6.8 months) was noted, although it was not statistically significant \[[@CR13]\].

SSAs are usually well tolerated and with limited side effects, the more frequent being pain in the injection site and gastrointestinal side effects (abdominal pain, diarrhea, nausea) \[[@CR7]\].

The development of somatostatin analogues (SSA) as an important treatment tool has revolutionized the clinical management of patients with NETs. However, although symptomatic relief and stabilization of tumor growth for various periods are observed in many patients treated with SSA, tumor regression is rare, and therefore combined therapeutic strategies are needed to further improve the clinical management of patients with advanced NETs.

### Interferon (IFN) alpha {#Sec4}

Interferon (IFN) alpha was introduced in the treatment of NETs in the 1980s by Öberg and colleagues \[[@CR14]\]. It has several mechanisms of action on cell proliferation and differentiation \[[@CR8]\].

Over 30 studies including hundreds of NETs patients treated with IFN, with treatment periods of 39 ± 35 weeks in median, showed symptoms relief in up to 70% of the cases and biochemical response in up to 60%, with tumor stabilization for limited periods in most of the patients. However, the treatment with IFN is limited by challenging side effects: from flu-like symptoms, lasting for several days after treatment, to chronic fatigue, liver toxicity, bone marrow suppression, depression, and autoimmune-related conditions, mainly thyroiditis \[[@CR15]\]. In general, the treatment with IFN is reserved for patients who are resistant to, or cannot tolerate, SSA and other systemic therapies, in addition to SSA for better symptom control, or as a bridge before other treatments are initiated \[[@CR12]\].

### Telotristat ethyl {#Sec5}

Telotristat ethyl is a novel oral inhibitor of tryptophan hydroxylase, the rate-limiting enzyme in serotonin biosynthesis. Two early-stage clinical studies of telotristat ethyl demonstrated evidence of clinical activity in carcinoid syndrome and a favorable safety profile, with minimal CNS activity \[[@CR16], [@CR17]\].

A recent prospective randomized phase III study demonstrated statistically significant reduction in the frequency of bowel movements in parallel with reductions in the main serotonin metabolite 5-hydroxyindoleacetic acid (5HIAA) in the urine of patients with uncontrolled carcinoid syndrome treated with telotristat, in a dose dependent manner \[[@CR18]\]. Telotristat appears to have a favorable side effects profile, with mild nausea, abdominal discomfort, and mild elevation of liver transaminases most frequently reported. Based on these promising results, the U.S. Food and Drug Administration (FDA) recently approved the use of telotristat ethyl (Xermelo, Lexicon Pharmaceuticals, Inc.) as the first and only oral treatment, in combination with SSAs, for adult patients with carcinoid syndrome-related diarrhea inadequately controlled by SSA therapy alone.

Targeted therapies {#Sec6}
------------------

### Mammalian (mechanistic) Target of Rapamycin (mTOR) inhibitors {#Sec7}

mTOR is a serine/threonine protein kinase, that regulates several cellular processes such as cell growth, proliferation and survival \[[@CR19]\]. Abnormal over-activation of mTOR was observed in many cancer models including NETs, and inhibition of mTOR by rapamycin and its analogues such as RAD001, known as everolimus (Afinitor, Novartis Oncology), was shown to arrest tumor cell proliferation and to slow the tumor growth. Interestingly, preclinical studies demonstrated that susceptibility to everolimus may vary in individual patients even if the tumor has the same site of origin \[[@CR19], [@CR20]\].

Following these observations, the RAD001 in Advanced Neuroendocrine Tumors (RADIANT) trial program has been developed (Table [1](#Tab1){ref-type="table"}). Three phase III prospective, randomized, double-blind placebo-controlled trials in G1 & G2 NET patients with progressive disease receiving depot octreotide were developed, based on the encouraging findings of the phase II RADIANT-1 \[[@CR21]\]: RADIANT-2, in patients with advanced mainly intestinal NETs; RADIANT-3, in patients with advanced pancreatic NETs; and RADIANT-4, in patient with progressive NETs originating in the lung or gastrointestinal tract \[[@CR22]--[@CR24]\].Table 1A summary of currently used therapy modalities (systemic and liver loco-regional) for advanced GEP NETs, indicating reference studies for each one, and frequent side effectsDrugStudyPopulation (n)DesignPrimary end-pointMain OutcomeMajor side effectsOctreotide LARRinke et al. 2009 \[[@CR10]\], PROMID studyIntestinal NETs F/NF (85)Randomized phase IIIPFS14.3 months vs 6 months with placeboDiarrhea, flatulence, cholelithiasisLanreotide autogelCaplin et al. 2014 \[[@CR11]\], CLARINET studyNF Intestinal/ Pancreatic NETs (204)Randomized phase IIIPFSMedian not reached vs 18 months with placeboDiarrhea, flatulence, cholelithiasis, hyperglycemiaInterferonOberg et al. 2012 \[[@CR15]\]GEP NETs, carcinoid syndromeReviewClinical and biochemical response, tumor effectSymptoms relief up to 70%, biochemical response 50--60%, SD up to 70%Flu-like symptoms, chronic fatigue, liver toxicity, bone marrow suppression, depression, autoimmune-related conditionsEverolimusYao et al., 2008 \[[@CR21]\], RADIANT-1 studyPNET (160)Single-arm (± sandostatin) phase IIResponse rate8.7% objective response rate; 84.7% stable diseasePavel et al., 2011 \[[@CR23]\], RADIANT-2 studyIntestinal NETs (420)Randomized phase IIIPFS16.4 months vs 11.3 months with placeboStomatitis, rash, fatigue, diarrhea, nausea, infections, fever, cytopenia, edema, hyperglycemia, dyspnea, pneumonitisYao et al., 2011 \[[@CR23]\], RADIANT-3 studyPNETs (410)Randomized phase IIIPFS11 months vs 4.6 months with placeboYao et al. 2016 \[[@CR24]\], RADIANT-4 studyLung/Intestinal NETs (302)Randomized phase IIIPFS11 months vs 3.9 months with placeboSunitinibRaymond et al. 2011Pancreatic NETs (171)Randomized phase IIIPFS11.4 months vs 5.5 months with placeboDiarrhea, nausea, asthenia, vomiting, fatigue, HTN, neutropenia, stomatitis, palmar-plantar erythrodysesthesiaTelotristat ethylPavel et al. 2015 \[[@CR16]\], TELESTAR studyCarcinoid syndrome (135)Randomized phase IIIReduction in daily bowel movementsMean reduction of 1.7--2.1 BM/day (dose dependent) vs 0.9 with placeboNausea, abdominal pain, vomiting, fatigue, infections, increased LFTsPRRTStrosberg et al. 2017 \[[@CR33]\], NETTER-1 trialIntestinal NETs (229)Randomized phase IIIPFSPFS at 20 months 65.2% vs 10.8% with SSA aloneNausea, vomiting, renal impairment, marrow toxicitySTZ-5FUDilz et al. 2015 \[[@CR40]\];\
Clewemar et al. 2016 \[[@CR41]\]pNETs (96)\
pNETs (133)RetrospectivePFS19.4 months\
23 monthsNausea, fatigue, kidney toxicity, bone marrow suppressionCAPTEMStrosberg et al. 2011 \[[@CR45]\];\
Fine et al. 2013 \[[@CR46]\]pNETs (30)\
GEP NETs (18)RetrospectivePFS18 months\
14 monthsFatigue, nausea, myelosuppression, palmar-plantar erythrodysesthesiaTACEGrozinsky-Glasberg et al. 2018 \[[@CR54]\]NETs (57)RetrospectivePFS14 monthsFever, leukocytosis, abdominal pain, nausea, elevated liver enzymes (post embolization syndrome), carcinoid crisis, liver failure, cholecystitis, liver abscessSIRTKennedy et al. \[[@CR55]\]NETs (158)RetrospectiveImaging responseSD 22.7%, PR 60.5%, CR 2.7%, PD 4.9%Fatigue, nausea, pain, ascites,*F* functioning, *NF* non-functioning, *PFS* progression free survival, *PRRT* peptide receptor radionuclide therapy, *STZ-5FU* streptozotocin + 5-fluorouracil, *CAPTEM* capecitabin + temozoomide, *TACE* trans-arterial chemoembolization, *SIRT* selective interval radiation therapy, *HTN* hypertension, *LFT* liver function tests

Based on significant prolongation of median progression-free survival (PFS) with everolimus versus placebo (11 months vs 4.6 months respectively; RADIANT-3), the drug was initially approved by FDA in PNETs. More recently, everolimus was approved also in non-functional progressive intestinal and lung NETs, based on similar results shown by the RADIANT-4 study (median PFS 11 months with everolimus vs 3.9 months with placebo). Importantly, the combination of everolimus and SSAs is believed to have a synergistic effect, and therefore these drugs are usually used in combination in patients with progressive NETs.

The safety profile of everolimus is challenging, with around 60% of patients requiring dose reduction and up to 19% requiring therapy withdrawal due to side effects, such as stomatitis, rash, diarrhea, fatigue, weight loss, hyperglycemia, upper respiratory tract infections, etc. \[[@CR22], [@CR24]\].

Noteworthy, clinical trials exploring everolimus in G3 NETs are ongoing (EVINEC- NCT02113800, NCT02248012; [www.clinicaltrials.gov ](http://www.clinicaltrials.gov)). Moreover, everolimus significantly prolonged median PFS, regardless of prior chemotherapy, in PNETs patients \[[@CR25]\].

### Tyrosine Kinase Inhibitors (TKI) {#Sec8}

Abnormal regulation of angiogenesis was found to be an important process in the growth and metastatic spread of GEP-NETs, strongly related to overexpression of vascular endothelial growth factor (VEGF), and of other growth factors and their tyrosine kinase receptors. Drugs that inhibit these receptors and pathways are therefore the new therapeutic directions for patients with advanced GEP-NETs \[[@CR26]\].

Sunitinib maleate (Sutent®, Pfizer, Inc.) is a tyrosine kinase inhibitor (TKI), that can irreversibly inhibit several kinases including the VEGFR family, with anti-tumoral and antiangiogenic effect against several solid tumors (e.g., renal cell carcinoma and gastrointestinal stromal tumors). Sunitinib was proven effective for pNETs in both preclinical and clinical studies \[[@CR27]\].

In a multinational, randomized, double-blind, placebo controlled phase III trial, 171 patients with well differentiated PNETs, who had evidence of disease progression, received sunitinib or placebo and best supportive care \[[@CR28]\]. The safety monitoring committee recommended early discontinuation of the trial, after recognizing more deaths and serious adverse events, and shorter PFS in the placebo group, whereas there was a statistically significant prolongation of PFS (11.4 vs 5.5 months) and of the overall survival (9 vs 21 deaths), in the sunitinib group. The adverse events profile of sunitinib is complex, and includes diarrhea, nausea, vomiting, and fatigue; less frequent are hypertension, palmar-plantar erythrodysesthesia, neutropenia, hypothyroidism etc. Based on this study, the drug was approved for the treatment of locally advanced or metastatic PNETs. There is still no clear evidence of efficacy of tyrosine kinase inhibitors in non-pancreatic NETs.

Pazopanib and axitinib are multi-targeted kinase inhibitors of VEGF receptors 1--3. In phase II studies, pazopanib has shown some effect in patients with PNETs, and axitinib in patients with advanced progressive extra-pancreatic NETs \[[@CR29], [@CR30]\].

Peptide receptor radionuclide therapy (PRRT) {#Sec9}
--------------------------------------------

Most GEP-NETs express somatostatin receptors (predominantly SSTR2 & SSTR5), permitting both tumor visualization and treatment with radiolabeled somatostatin analogues \[[@CR31]\] (Fig. [1](#Fig1){ref-type="fig"}).

Peptide receptor radionuclide therapy (PRRT), either with 90-Yttrium-labeled compounds or more recently with 177-Lu-DOTATATE, have been used for the past 15 years in uncontrolled trials in a variety of NET patients. They have demonstrated disease stabilization in most, and tumor remissions in up to 15--35% of patients, in different studies \[[@CR32]\].

PRRT with 177-Lu-DOTATATE is currently the most widely used. Recently, the phase III NETTER-1 trial evaluated the efficacy and safety of 177-Lu-DOTATATE (compared with high dose octreotide LAR), in patients with advanced SSTR positive intestinal NETs, who progressed on octreotide LAR. The study demonstrated a significant tumor response rate of 18% in the PRRT group compared with 3% in the control, together with 79% risk reduction for disease progression or death \[[@CR33]\].

Prognostic factors for better response to PRRT are higher SSTR expression, defined by higher uptake on imaging: grade 3--4 uptake in octreoscan by Krenning score, and maximal SUV of \> 16 by 68Ga-DOTATOC PET CT. Other parameters are tumor origin (pNETs apparently being the tumors that respond most), lower tumor burden (both primary tumor and hepatic spread), and patient performance status \[[@CR34], [@CR35]\].

Usually well-tolerated, acute and subacute side effects from PRRT may include nausea and/or vomiting (attributed usually to the co-administration of amino acids for renal protection, and occurring during or shortly after treatment), carcinoid crisis (rare, in less than 1% of the patients), bone marrow suppression, occurring 4--6 weeks after treatment, and renal function deterioration. The most acute and subacute side effects are self-limiting. Theoretically, there can be hepatic toxicity, especially in high burden of liver metastases \[[@CR35]\]. Several large cohorts have evaluated the long-term tolerability of PRRT. Severe renal failure is rare (reported in less than 3%) when using proper kidney protection protocols with administration of positively charged amino acids infusion. The renal risk is lower for patients treated with Lutetium than those treated with Yttrium. Risk factors for severe renal deterioration are uncontrolled diabetes mellitus and hypertension \[[@CR34], [@CR36], [@CR37]\].

Myelodysplastic syndrome (MDS) and leukemia can occur but are rare (about 1--3% of patients). Risk factors for hematologic side effects are age above 70, preexisting cytopenia, prior radiotherapy and treatment with alkylating agents \[[@CR34], [@CR36]--[@CR38]\].

In the case of eventual future disease progression, one can consider repeating PRRT treatment as salvage therapy, although the response is less prominent than primary therapy \[[@CR35], [@CR39]\].

Chemotherapy {#Sec10}
------------

In well-differentiated G1 & G2 NETs, several protocols of chemotherapy may be used, mainly containing alkylating agents (streptozotocin, dacarbazine and temozolomide), alone or in combination with an antimetabolite (5-fluorouracil, capecitabine). To date, there are no large phase III clinical trials providing solid evidence based recommendations for using the best regimen in the right sequence.***Streptozocin-based chemotherapy***, in combination with 5-FU or doxorubicin, is an established therapeutic option in patients with PNETs, and is especially used in G2 progressive and/or associated with higher tumor burden.

For example, in a group of 96 patients with pNETs, mostly G2, the regimen of STZ and 5FU showed an objective response rate of 42.7%, stable disease in 40.6%, and progressive disease in 16.7%. The median time to progression was 19.4 months, and overall survival was 54.8 months \[[@CR40]\].

The Uppsala group has recently published their experience with this regimen, in a retrospective evaluation of 133 medical records from the past 20--25 years, in patients with pNETs. The median survival was 51.9 months and the PFS was 23 months; complete response (CR), partial response (PR), stable disease (SD) and progressive disease (PD), were observed in 3, 25, 64 and 8%, respectively \[[@CR41]\].

The toxicity profile of STZ + 5-FU is usually tolerable: adverse effects most frequently reported being nausea, fatigue, kidney toxicity, and less frequently bone marrow suppression \[[@CR40]\].b.***Dacarbazine*** has been used alone or in combination with other agents to treat NETs. Most studies with dacarbazine showed response rates of 20--40%, PFS of 11--21 months, and median survival of 21--38 months. The most frequent toxicities were bone marrow suppression, nausea, vomiting \[[@CR42]\].c.***Temozolomide (TMZ)***, a novel alkylating agent and oral derivative of dacarbazine, acts by methylation of the O6 position of guanine, resulting in DNA mismatch, and eventually apoptosis. It was suggested that low expression of the MGMT protein (involved in the DNA repair mechanism and associated with resistance to TMZ) may be a potential marker for predicting response to the TMZ; however, the role of MGMT is still controversial \[[@CR43]\].

Temozolomide was evaluated as either monotherapy or in combination with other agents \[[@CR43], [@CR44]\]. The combination of capecitabine with temozolomide (CAPTEM) was postulated to have a synergistic effect for induction of apoptosis in NET cells. Two retrospective relatively small series of patients with well and moderately differentiated advanced PNETs treated with CAPTEM showed a radiologic response between 60 to 70% with a median PFS of 14 to 18 months \[[@CR45], [@CR46]\].

The use of TMZ alone or in combination (CAPTEM) for treating patients with advanced NETs has become common practice, and shows promising response rates with tolerable toxicities; however, most data comes from small retrospective or phase II prospective studies, with heterogeneous patients, regimens and doses. Pending data from a prospective trial of TMZ

Vs CAPTEM in progressive PNET (NCT01824875, [www.clinicaltrials.gov](http://www.clinicaltrials.gov)) will help to address the remaining questions, regarding the best timing of treatment, best protocol, treatment duration, and the role of MGMT status evaluation as a biomarker, before and during the treatment.

Immunotherapy {#Sec11}
-------------

Immunotherapy is a rapidly evolving therapeutic field in different types of cancer. The immune checkpoint pathways acts physiologically to prevent activated T cells from an autoimmune activity. Programmed death receptor 1 (PD-1) is an inhibitory receptor on T cells that interacts with its' ligands PD-L1 and PD-L2 to diminish the T cell antitumor response. In preliminary research, it was shown that antibodies against PD-1 or PD-L1 can enhance the T cell antitumor activity with acceptable safety and tolerability. Pembrolizumab is a potent, selective, humanized monoclonal antibody, with high affinity to PD-1 receptor \[[@CR47]\]. While it was shown to be effective in other solid tumors (lung carcinoma, RCC, melanoma, Merkle cell carcinoma), there is very limited experience in patients with NETs, mainly suggesting stable disease as best response \[[@CR48]\].

Locoregional therapies {#Sec12}
----------------------

### Thermal ablation {#Sec13}

Thermal ablation is performed using radiofrequency ablation (RFA) or microwave ablation (MWA), delivering high frequency current to the lesions, inducing heat that destroys the proteins and leading to cellular death. The RFA is more frequently used than MWA, showing overall good clinical response, but as with surgery, the intrahepatic recurrence remains a problem.

The procedures can be performed percutaneously (under guidance of CT or US), or intraoperatively, usually combined with surgical resection. Classically, the indications for thermal ablation in liver metastases are less than 5 lesions, and less than 5 cm in size, however in NETs a more extensive metastatic spread is frequent, and the technique is used sometimes beyond these indications. Possible complications include abdominal pain, bile leakage, liver abscess, hemorrhage, bowel perforation \[[@CR49]\].

### Intra-arterial therapies (IAT) {#Sec14}

Intra-arterial therapies are based on the knowledge that most liver metastases from NETs are hypervascular, and take their blood supply mainly from the hepatic artery, while the normal liver blood supply is from the portal vein \[[@CR49]\].***Trans-arterial embolization (TAE)*** causes ischemia and necrosis of the lesions, by injecting various particles (gelfoam, polyvinyl alcohol, microspheres).***Trans-arterial chemoembolization (TACE)*** was developed in the 1990s, based on the rationale of embolizing the blood vessels just after delivering chemotherapy directly to the tumor cells by systemic injection. Both the high drug concentration, and ischemia of the cells, can enhance their response to the treatment. The most commonly used agents are doxorubicin and streptozotocin, alone or combined with other agents.

TAE and TACE were proven to reduce symptoms in 40--100% of NET patients in several series, with a morphological response in up to 94% of patients \[[@CR50]--[@CR54]\].

TACE-DEB (drug eluting beads) is another method, uses drug eluting beads that both embolize the arteries and slowly release the chemotherapy, usually doxorubicin.

The most common complications are fever, leukocytosis, abdominal pain, nausea, and elevated liver enzymes, known as the post embolization syndrome, which is usually transient. More severe complications are carcinoid crisis, liver failure, cholecystitis and liver abscess \[[@CR49]\].***Selective interval radiation therapy (SIRT)***- radioembolization using resin-based (Sirspheres) and glass-based (Theraspheres) micron sized particles, loaded with Yttrium-90 radioisotope, is increasingly being used, delivering high irradiation directly to the tumor. One series of 148 patients has shown positive response in 62.9% of patients, and stable disease in 22.7% \[[@CR55]\].

High response rates, with improvement of both symptoms and overall survival, and tolerable toxicity were also shown in other series \[[@CR56]\].

External radiation {#Sec15}
------------------

The improvement of radiation techniques allows delivering high dose of radiation locally to the lesions, with minimal damage to the surrounding tissues. However, as G1 and G2 NETs are usually considered radio-resistant, and the data about the activity and safety of radiation techniques in those tumors is limited, its use in NETs is limited mainly to palliation for bone or brain-metastases related symptoms or for pain control. \[[@CR56]--[@CR58]\].

Systemic bone metastases directed therapies {#Sec16}
-------------------------------------------

The use of bisphosphonates in bone metastases of neuroendocrine tumors has been reported in several studies, however their effect on disease progression, pathologic fractures incidence, and pain control is yet to be evaluated \[[@CR59]--[@CR61]\].

Moreover, data on the use of denosumab, a monoclonal antibody with affinity for nuclear factor-kappa ligand (RANKL), in these patients is limited, and its possible beneficial effects are yet to be evaluated \[[@CR59], [@CR62]\].

Liver transplantation {#Sec17}
---------------------

In the past, liver transplantation was used as salvage therapy, after failure of other treatments, with disappointing results. This option is reasonable with a curative purpose, as a well-planned procedure, with strict criteria of patient selection, when the expected 5-year survival rate is over 70%, and a 5-year disease free survival over 50% \[[@CR63]\].

The Milan eligibility criteria for liver transplantation include age of 55 years and less, low grade GEP-NETs (Ki67 \< 10%), primary tumor drained by the portal system (to be sure the primary site of metastatic spread was the liver), complete resection of primary tumor prior to transplantation, liver involvement of less than 50%, and stable disease or good response to previous treatment for 6 months before transplantation \[[@CR64]\].

Future directions {#Sec18}
-----------------

The discovery of the genome and DNA alterations led to major breakthroughs in medicine in general, and in cancer treatment specifically. However, epigenetic changes, which lead to heritable changes in gene expression, without modification of the DNA, including DNA methylation, histone modifications, and miRNAs, are also of great importance.

There is ongoing research for revealing epigenetic changes in NETs; several preliminary changes were found in NETs of the pancreas, lung and small intestine, with some of them suggesting poor prognosis, and justifying a more aggressive treatment approach. Furthermore, this approach may lead to the development of novel treatments, aimed at reversing the epigenetic modifications \[[@CR65], [@CR66]\].

Conclusions {#Sec19}
===========

In general, surgery is the first line treatment for localized neuroendocrine tumors, and it should be considered for palliation in metastatic or bulky disease. Evidence based treatments used recently for advanced G1 and G2 GEP NETs include somatostatin analogues (SSAs), the mTOR inhibitor everolimus, the tyrosine kinase inhibitor sunitinib, PRRT, and liver targeted therapies for localized unresectable disease (Table [1](#Tab1){ref-type="table"}). For symptom control in advanced disease, SSAs are the mainstay of therapy, followed by the addition of telotristat ethyl in patients with uncontrolled carcinoid syndrome and other treatment modalities according to specified disease characteristics (Fig. [2](#Fig2){ref-type="fig"}) \[[@CR67]\].Fig. 2Possible algorithm for treatment approach in patients with GEP-NETs

Since traditional treatments usually induce tumor stabilization for limited length of time, there is a great effort in developing novel approaches to overcome treatment-related resistance in patients with advanced and progressive NETs. The relatively small number of patients included in clinical studies, as well as the relatively slow course of the disease, make it difficult to evaluate the response rates for new therapies and their influence on survival. There are still many unmet needs in the therapeutic arsenal of NETs (e.g., the optimal sequencing of treatment modalities, exploration and validation of different biomarkers, etc). However, new insights into molecular alterations of neuroendocrine tumors should eventually improve the understanding of their complexity, facilitating a personalized approach and a successful treatment for each NET patient, in the near future.
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